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ABSTRACT

Background: Venous thromboembolism (VTE) is known to occur at high rates in patients who suffer spinal cord
injury (SCI). Large population studies in the United States have shown a prevalence of approximately 4-5%, with some
studies suggesting higher prevalence. While the specific mechanism behind increased VTE incidence in the SCI
population is unknown, it is likely tied to immobility and functional decline. Previous studies have also linked social
determinants of health to higher VTE prevalence in certain populations. The purpose of this study is to determine the
prevalence of VTE after acute SCI in the inner urban city population and to identify factors that place patients at
increased VTE risk.

Methods: Patients who suffered SCI between 2014 and 2019 were identified from one inner city urban hospital. A
retrospective chart review was completed to record the development of VTE after SCI. Medical comorbidities, type of
thromboprophylaxis used, patient demographics, injury characteristics, and postinjury sequelae were compared between
individuals who did and did not develop VTE.

Results: A total of 148 patients were included. These patients were from a low socioeconomic demographic when
compared with the larger US population. Average household income based on zip code data for included patients was
$56 647, $30315 below the national average. The prevalence of VTE in this patient population was 19.59%. Weight,
deep vein thrombosis history, chemoprophylaxis use, mobility impairment postinjury, neurologic level of SCI,
malignancy history, and history of smokeless tobacco were associated with VTE (all P < .05). Low molecular weight
heparin (LMWH) use was associated with fewer occurrences of VTE (P < .001).

Conclusion: Patients from our urban inner city hospital have a higher VTE prevalence after SCI than shown in
previous US-based studies. These patients may be at increased risk due to increased numbers of medical comorbidities,
social factors, or undiagnosed medical conditions. Thromboprophylaxis with LMWH appears to lower the risk of VTE
after SCI.

Level of Evidence: 3.

Clinical Relevance: Patients with the previously mentioned risk factors are at increased risk for VTE development
during their acute recovery process. These patients should have a much lower screening threshold for VTE evaluation
and likely would benefit from more routine screening to prevent complications related to VTE development or
progression. Furthermore, these patients should, when medically appropriate, be treated with low molecular weight
heparin for VTE prophylaxis as previously recommended by the Consortium for Spinal Cord Medicine.

Complications

Keywords: venous thromboembolism, acute spinal cord injury, thromboprophylaxis, urban inner city, blunt spinal
trauma, penetrating spinal trauma, cervical spine, thoracic spine, lumbar spine

INTRODUCTION

Patients who suffer acute spinal cord injury (SCI)
are at high risk of complications such as venous
thromboembolism (VTE), which significantly in-
creases their morbidity and mortality."? VTE
development is thought to relate to Virchow’s triad
of hypercoagulability, disrupted endothelium, and
turbulent blood flow. Prophylaxis for the prevention
of VTE focuses on decreasing hypercoagulability

through chemical or mechanical means. A study by
Aito et al* found that administration of low
molecular weight heparin (LMWH) within 72 hours
of injury reduced VTE incidence. Despite routine
prophylaxis, patients who suffer acute SCI have a
higher prevalence of VTE than patients who suffer
other traumatic injuries with sparing of the spinal
cord." Although VTE is a known complication of
acute SCI, the exact prevalence and factors that
contribute to it remain under investigation. The rate
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of VTE following acute SCI in recent studies has
ranged from 4.3% to 23.4% internationally. In the
United States, recent studies suggest a VTE rate of
approximately 5%.”

The differences reported in VTE prevalence could
be due to differences in baseline patient demograph-
ics. Jones et al® found that male sex, complete
tetraplegia, obesity, and age greater than 70 were
associated with a higher likelihood of developing a
VTE. They also mention a correlation between race
and VTE development and the possibility that social
factors or underused medical care may influence
VTE development. This was supported by their
finding that Medicaid insurance was also associated
with increased VTE risk.’

VTE prevention in patients with acute SCI is
challenging. Multiple studies have suggested that
LMWH is the most effective method of chemopro-
phylaxis and that mechanical prophylaxis alone is
not sufficient.”'? This is consistent with the
recommendations provided by the Consortium
for Spinal Cord Medicine for VTE prevention
after SCIL.° Teasell et al'® suggested in their
systematic review that VTE chemoprophylaxis
with LMWH should be considered first line with
an adjusted dose of unfractionated heparin useful
as an alternative if rapid reversal is needed due to
increased bleeding risk. This is also supported by
Christie et al'* who suggested that LMWH should
be started within 72 hours of SCI in their
systematic review to assess the importance of
timing of thromboprophylaxis. While these data
and set of guidelines are useful, they do not take
into account patient risk factors or medical
comorbidities that can increase the risk of VTE
after SCI. While most patients likely respond
similarly to thromboprophylaxis, little information
is available about the efficacy of traditional
thromboprophylaxis in patients at a higher base-
line risk.

Here, we assess the prevalence of VTE in acute
SCI patients in one urban inner city hospital. We
predict that the prevalence of VTE in this popula-
tion is greater than that found in prior literature
owing to the inherent medical comorbidities and
risk factors present in this demographic. The
secondary purpose of this study is to assess specific
medical and social risk factors for VTE develop-
ment and to assess the effectiveness of various forms
of chemoprophylaxis in this patient sample.

METHODS

A retrospective chart review was completed to
identify patients between the ages of 19 and 89
presenting to one urban inner city hospital between
January 2014 and October 2019 with an acute SCI.
Institutional Review Board approval was received
November 2019. ICD10 codes used to complete the
search were S14, S24, and S34, which correspond to
cervical, thoracic, and lumbar SCI, respectively.
Patients with a lack of clinical or radiographic
characteristics suggesting acute SCI were excluded.
In addition, those who expired within 2 weeks of
hospital admission and could not be assessed for
VTE development, who had a previous SCI, and
who left the hospital against medical advice and
thus had no records to assess for development of
VTE were also excluded from analysis. Types of
VTE included deep vein thrombosis (DVT) of the
upper and lower extremity and any form of
pulmonary embolus (PE). Positive VTE was as-
sessed using any available imaging reports or report
by clinicians in the electronic medical record if an
imaging report was not available.

Patients (n = 148) were divided into two groups
consisting of those who developed VTE (n=29) and
those who did not (n = 119). Recorded patient
demographics included age, race, sex, body mass
index (BMI), weight, height, and ethnicity. Other
data collected on each patient included medical
comorbidities, mechanism of injury with differenti-
ation between blunt and penetrating injuries, level
of spine injury, time from SCI to VTE, previous
history of DVTs, the form of DVT chemoprophy-
laxis used, including the use of sequential compres-
sion devices (SCDs), and surgical history within the
previous 3 months of injury. Smoking history,
including the use of smokeless nicotine and illicit
substance use, was also recorded. Other social
factors assessed included employment status and
the use of government-assisted healthcare coverage.
The presence of thrombocytosis was recorded on the
day of admission and, if applicable, the day before
VTE diagnosis. Time to VTE was assessed by
measuring the number of days from injury, which
was typically the day of admission, to the day of
diagnosis. The presence and degree of mobility
impairment was also recorded.

Finally, Socioeconomic demographics were esti-
mated for the entire patient cohort. Average patient
household income was inferred using residential zip
codes and data from the US Census Bureau.'”
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Table 1. Baseline patient demographics by venous thromboembolism development after spinal cord injury.

VTE No VTE All Patients P Value

Age, average = SD, y 45.1 £ 183 45.7 £ 18.0 44.6 =179 .883
Height, average = SD, m 1.7 £ 0.1 1.7 £ 0.1 1.7 = 0.1 .664
Weight, average + SD, kg 83.3 = 19.7 75.8 = 17.5 77.2 = 18.1 .048
BMI, average + SD, kg/m? 27.4 + 6.6 25.1 £ 5.5 25.6 = 5.7 .055
Sex, n (%)

Male 26 (89.7) 99 (83.2) 125 (84.5) 764

Female 3(10.3) 20 (16.8) 23 (15.5)
Race, n (%)

Caucasian 5(17.2) 24 (20.3) 29 (19.6) .579

African American 19 (65.5) 69 (58.5) 88 (59.5)

Hispanic 5(17.2) 14 (11.9) 19 (12.8)

Asian/Pacific Islander 0 (0) 1(0.8) 1 (0.7)

Other 0 (0) 3(2.5 3(2)

Unknown 0 (0) 8 (6.8) 8 (5.4)
Ethnicity, n (%)

Hispanic 5(17.9) 17 (15.3) 22 (15.8) 791

Non-Hispanic 22 (78.6) 86 (77.5) 108 (92.3)

Unknown 1 (3.6) 8(7.2) 9 (7.7)

Abbreviations: BMI, body mass index; VTE, venous thromboembolism.

Statistical Methods

Statistical methods in this study included contin-
uous outcome variables, selected categorical vari-
ables, and pairwise analyses of categorical variables.
All analyses were performed by a trained statisti-
cian. All statistical interpretation of significance was
based on the P value of .05, with less than .05 being
significant. All patients (n = 148) were included for
each variable unless the patient was missing data for
that specific variable. Continuous outcome variables
included age, height, weight, and BMI with com-
parison between those who did and those who did
not develop VTE after SCI. These were compared
using the two-sample z-test.

Categorical variables included sex, race, ethnicity,
mechanism of injury, spine injury level, DVT
history, DVT prophylactic method, presence of
mobility impairment after injury, degree of mobility
impairment after injury compared with baseline,
chronic kidney disease, chronic obstructive pulmo-
nary disease, congestive heart failure, depression,
anxiety, surgery within the previous 3 months,
cancer history, smoking status, smokeless tobacco
use, cocaine use, diabetes, hypertension, myocardial
infarction or coronary artery disease, peripheral
vascular disease, cerebrovascular attack, and throm-
bocytosis. These were compared between those who
did and did not develop VTE after SCI using the
chi-square test or Fisher’s exact test when appro-
priate.

Pairwise analyses of categorical variables was
performed for DVT prophylactic methods to
compare specific methods within this category.

Spine level of injury also underwent pairwise
analysis to compare cervical with thoracic injury.
Each pairwise analysis was compared between those
who did and did not develop VTE after SCI via the
chi-square test or Fisher’s exact test when appro-
priate.

RESULTS

We identified 208 patients who presented with
SCI between January 2014 and October 2019. Of
these 208 patients, 148 met the inclusion criteria and
were included in the analysis. The remaining 60
patients were excluded for the aforementioned
reasons. Patients with missing data were excluded
from that specific variable’s analysis only. One
patient experienced VTE following acute SCI that
occurred before our electronic medical record
(EMR) use and therefore was excluded from the
correlated analyses. One patient lacked data on the
type of chemoprophylaxis used and was therefore
excluded from this analysis. Two patients had no
recorded weight and were therefore excluded from
BMI and weight analyses. Several patients had no
cthnicity data available and were excluded from
those respective analyses.

The overall prevalence of VTE in this study was
19.59%. Average time from causative incident of
SCI to VTE was 34.4 days with a standard deviation
of 41.7 days. Three patients had VTE occurrence in
the range of 100-160 days. The remainder occurred
before day 100. Table 1 summarizes patient
demographics. The average age of the entire cohort
was 44.6 years with a standard deviation of 17.9.
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Table 2. Patient comorbidities and social factors by venous thromboembolism development after spinal cord injury, n (%).

VTE No VTE All Patients P Value
Medical comorbidity
Prior or current malignancy 6 (21.4) 9 (7.6) 15 (10.2) .04
Type 2 diabetes 9 (1) 27 (22.7) 36 (24.3) .348
Hypertension 10 (34.5) 41 (34.5) 51(34.5) 998
Chronic kidney disease 6 (21.4) 10 (8.4) 16 (10.9) .083
Chronic obstructive pulmonary disease 4 (14.3) 20 (16.8) 24 (16.3) 999
Congestive heart failure 3 (10.7) 9 (7.6) 12 (8.2) i
Myocardial infarction or coronary artery disease 7 (26.9) 17 (17.9) 24 (19.8) 168
Peripheral vascular disease 0 (0) 3(2.5) 3(2) 999
Prior stroke 2(7) 54.2) 7 (4.8) 618
Presence of thrombocytosis 4 (14.3) 6 (5) 10 (6.8) .097
History of depression 5(17.9) 23 (19.3) 28 (19.0) .844
History of anxiety 3 (10.7) 19 (16) 22 (15) .844
History of DVT 5(17.2) 2 (1.7) 7 (4.7) .003
Social factors

Smoker 13 (46.4) 60 (50.4) 73 (49.7) i
Smokeless tobacco use 6 (21.4) 8 (6.7) 14 (9.5) .028
Substance abuse 6 (21.4) 24 (20.2) 30 (20.4) .882
Unemployed 11 (39.3) 51 (42.9) 62 (41.9) .84
Government-assisted healthcare coverage 26 (92.3) 94 (79) 120 (81.1) .266

Abbreviations: DVT, deep vein thrombosis; VTE, venous thromboembolism.

Patient weight was significantly associated with
VTE development. Individuals with higher weight
at the time of their SCI were more likely to develop
VTE. The average weight of those who developed
VTE was 83.3 kg with a standard deviation of 19.7
kg compared with an average of 75.8 kg with a
standard deviation of 17.5 kg in those who did not
(P < .05). BMI trended towards significance. The
average BMI of those who developed VTE was 27.4
kg/m? versus 25.1 kg/m? in those who did not (P =
.055). Other patient demographics did not show an
association with thromboembolic disease.

Table 2 shows medical comorbidities and patient
social factors. Review of medical comorbidities
showed that prior or current malignancy was
associated with VTE, and 21.4% of individuals
with prior or current malignancy developed VTE
versus 7.6% of those without a history of malig-
nancy (P < .05). The only other medical comorbid-
ity associated with VTE development was a history

of DVT. Individuals with prior DVT had a 17.2%
chance of developing VTE compared with a 1.7%
chance in those without DVT history (P < .05).
Variables assessed for but without statistical anal-
ysis include heparin-induced thrombocytopenia type
2, Factor 5 Leiden, antiphospholipid syndrome,
paroxysmal nocturnal hemoglobinuria, protein C
deficiency, and protein S deficiency. No patients in
this study were diagnosed with these conditions.
Review of patient social factors showed that 21.4%
of patients who developed VTE were using smoke-
less tobacco compared with 6.7% of patients who
were not (P < .05). Eighty-six percent of patients
were using government-assisted healthcare cover-
age, and 47% of patients before injury reported
being unemployed. There was no statistically
significant difference for these two variables among
those who did and did not develop a VTE.

Table 3 summarizes injury characteristics; 62.2%
of patients experienced blunt trauma, while the

Table 3. Injury characteristics of patients who did and did not develop venous thromboembolism following spinal cord injury, (n (%)).

Injury Characteristic VTE No VTE All Patients P Value
Mechanism of injury
Blunt 16 (55.2) 76 (63.9) 92 (62.2) .387
Penetrating 13 (44.8) 43 (36.1) 56 (37.8)
SCI level
Cervical 17 (58.6) 65 (55.1) 82 (55.8) .033
Thoracic 12 (41.4) 32 (27.1) 44 (29.9)
Lumbar 0 (0) 21 (17.8) 21 (14.3)
Surgery within 3 months of SCI 0 (0) 3(2.9) 3(2.0) 999
Presence of mobility impairment 20 (71.4) 57 (47.9) 77 (52.4) .025
Degree of mobility impairment
Paraplegia 15 (75) 44 (77.2) 59 (76.6) .842
Quadriplegia 5(25) 13 (22.8) 18 (23.4)

Abbreviations: SCI, spinal cord injury; VTE, venous thromboembolism.
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Table 4. Venous thromboembolism prophylaxis choice by venous thromboembolism development after spinal cord injury, (n (%)).

Prophylaxis Used VTE No VTE Total Patients P value
No DVT prophylaxis 0 (0) 2 (1.7) 2(1.4) <.001
SCDs alone without chemoprophylaxis 7 (25) 54.2) 12 (8.2)

Subcutaneous heparin 6 (21.4) 3(2.5) 9 (6.2)

Subcutaneous heparin and SCDs 0 (0) 3 (2.5) 3(2.1)

IVC filter 2(7.1) 0 (0) 2(1.4)

Enoxaparin 7 (25) 54 (45.8) 61 (41.2)

Enoxaparin and SCDs 3(10.7) 49 (41.2) 52 (35.6)

Enoxaparin, SCDs, and IVC filter 1 (3.6) 0 (0) 1(0.7)

Clopidogrel 0 (0) 1(0.8) 1(0.7)

Rivaroxaban 1(3.6) 1(0.8) 2(1.4)

Rivaroxaban and IVC filter 1 (3.6) 0 (0) 1(0.7)

Abbreviations: DVT, deep vein thrombosis; IVC, inferior vena cava; SCDs, sequential compression devices; VTE, venous thromboembolism.

remaining patients experienced penetrating trauma.
Injury mechanism was not associated with VTE
development, and 55.4% of SCIs were at the
cervical level. Lumbar SCI accounted for 14.2% of
cases, while thoracic SCI accounted for the remain-
ing 29.9% of cases. SCI level was statistically
significantly associated with VTE development. Of
individuals that developed VTE, 41.4% had a
thoracic level compared with 27.1% in those who
did not (P < .05). No patients who developed VTE
had a lumbar SCI level. Furthermore, of those who
developed VTE, 71.4% had mobility impairment
compared with 47.9% of those who did not (P <
.05). The degree of mobility impairment (paraplegia
versus quadriplegia) did not appear to influence
VTE development. American Spinal Injury Associ-
ation (ASIA) impairment scale was often recorded
at outside rehabilitation facilities and, as a result,
was not available for analysis.

Table 4 summarizes VTE prophylaxis choice.
DVT prophylaxis consisted of unfractionated hep-
arin (6.2%), unfractionated heparin with SCDs
(2.1%), SCDs alone (8.2%), LMWH (41.8%), and
LMWH with SCDs (35.6%). Other forms of
thromboprophylaxis used included inferior vena
cava (IVCQ) filters, Plavix, Xarelto, and Xarelto with
an IVC filter. When comparing DVT prophylaxis,
there was a statistically significant reduction in VTE
prevalence when SCDs were used with LMWH
compared with SCDs alone. Three patients who
were given both developed VTE compared with 49
patients who did not. In comparison, 7 out of 12
patients who received SCDs alone developed VTE.
There was not a statistically significant difference
between the use of LMWH with SCDs and the use
of LMWH alone. Heparin use with SCDs was not
statistically different from heparin use alone. There
was a statistically significant difference between the
use of LMWH and unfractionated heparin (P <

.001). Seven out of 64 individuals on LMWH
developed VTE compared with 6 out of 9 patients
on unfractionated heparin.

Average household income was inferred for the
entire cohort. Average income for this patient list
based on average household income in each
individual’s residential zip code was $56647.25,
which is $30315.75 below the national average.'’
Table 2 shows no correlation between healthcare
coverage or employment status and VTE develop-
ment.

DISCUSSION

Patients who suffer acute SCI are at a high risk of
VTE within the following year, with the highest risk
period being within the first 3 months.®'®'® Recent
studies based on databanks and Western popula-
tions show a prevalence ranging from 4% to 23%,
with most studies quoting about a 5% prevalence
despite the use of prophylaxis in a majority of
cases.”’ To the authors’ knowledge, the 19.59%
VTE rate reported in this study is the highest found
in a US cohort. Pierfranceschi et al” and Clements et
al® determined higher VTE rates. However, these
studies were performed in Italy and Australia,
respectively, where thromboprophylaxis for SCI
may differ from that of the United States and this
institution.

The higher prevalence found in this cohort is
likely multifactorial and attributable to a combina-
tion of baseline patient characteristics and social
factors, medical comorbidities, and thrombopro-
phylaxis choice. Current or prior malignancy was
statistically significantly associated with VTE devel-
opment. Patients with a history of malignancy are
known to be at risk for DVT development
secondary to a hypercoagulable state. Jones et al’
found that metastatic cancer was specifically asso-
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ciated with an increased risk. Further disrupted
anatomy from cancer treatment, surgical or radia-
tion, may put these patients at risk. It was not
surprising to find that a hypercoagulable state was
associated with an increased risk of VTE develop-
ment.

A novel finding of this study is the association
between smokeless tobacco use and VTE develop-
ment after SCI. Smokeless tobacco, which was often
chewing tobacco, also provides a mechanism for
increased risk of VTE development. Tobacco and
nicotine are known to cause blood vessel narrowing.
Narrowing of vasculature may present an opportu-
nity for coagulation and thrombus formation.
Interestingly, cigarette smoking was not associated
with an increased risk of VTE development. One
explanation is that patients who use smokeless
tobacco also smoke cigarettes and cigarette smoking
is underreported. This would suggest that smokeless
tobacco use is an indicator of heavy tobacco and
nicotine use with a more pronounced effect on the
development of VTE. Further studies are required
to assess the pathophysiology behind the effect of
smokeless tobacco on VTE development.

Patient mobility has long been reported as an
important factor in VTE development.®® As with
the development of DVTs in any stationary patient,
peripheral vein pooling can result in blood stasis
and thrombus development. Immobile patients
suffer a more prolonged form of blood pooling as
they can no longer perform skeletal muscle pumping
of the extremities. In this cohort, patients who had
mobility impairment developed VTE 71.4% of the
time compared with 47.9% of the time in those who
did not. Furthermore, a higher neurologic level of
injury was associated with VTE development.
Thoracic and cervical injury are associated with a
higher risk of VTE development. No patients with a
lumbar neurologic level developed VTE. Chung et
al'” similarly found increased risk of VTE develop-
ment with thoracic or cervical spine injury when
compared with lumbar spine injury. However, the
degree of mobility impairment, specifically, was not
associated with VTE development. This is in
contrast to the findings of Pierfranceschi et al” and
Saraf et al'®, which cite paraplegia and quadriplegia,
respectively, as risk factors. It is possible that lower
degrees of mobility impairment without significant
paralysis contributes to the pathophysiology of
VTE after SCI. This study was unable to assess
ASIA impairment scale classification, as many

patients had scoring done at an outside rehabilita-
tion facility where records could not be readily
accessed.

The Consortium for Spinal Cord Medicine also
suggests that age is associated with an increased risk
for development of VTE in their 2016 article on the
prevention of VTEs after SCL.° While increased age
was suggested by the Consortium for Spinal Cord
Medicine to be a risk factor, this study showed no
statistical difference between those who did and
those who did not develop VTE. One possibility for
this is the decreased age at which patients presented.
VTE is known to increase in prevalence with age,
but many of the patients included in this study were
young adults. Godat et al'® found no association
between VTE development and age, suggesting that
increased age may not be a risk factor for VTE
development after SCI.

Chung et al'’ found a higher VTE rate in patients
with hyperlipidemia, diabetes, cerebrovascular at-
tack, atrial fibrillation, or associated lower extrem-
ity fracture. This cohort did not demonstrate any
association between specific diagnosed medical
comorbidities and VTE besides malignancy. It is
likely that this patient population has a higher rate
of undiagnosed medical comorbidities that contrib-
ute to increased VTE prevalence. The surrounding
population cared for by this institution has a high
prevalence of traumatic injury, gun violence, sub-
stance use, and poor medical outcomes. The
patients included in this study come from a heavily
disenfranchised population. The communities in
which study participants live have a mean house-
hold income that is approximately $30000 below
the national average.'> Furthermore, the majority of
patients in this sample use government-assisted
healthcare coverage and are unemployed. No
statistical association was found between healthcare
coverage or employment status and VTE develop-
ment. It is the authors’ opinion that this relates to
the high prevalence of government assistance and
unemployment causing a weakness with the power
of the study in the control groups.

Patients in this population also have a higher rate
of obesity compared with the national average. In
this cohort, weight was associated with VTE
development, and BMI strongly trended toward
significance. Patients who developed VTE on
average had a weight that was nearly 8 kg heavier
than those who did not. It is likely that patients with
a higher BMI are more likely to have undiagnosed
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medical comorbidities that place them at higher risk
of VTE. The population studied in this analysis also
has many factors preventing them from improving
health, such as food availability and access to care.
The findings of this study suggest a greatly increased
prevalence of VTE when compared with previous
findings in studies conducted in the United States
despite the largely appropriate use of anticoagula-
tion. The findings of this study support the
suggestion of Jones et al’ that VTE development
correlates to factors related to social determinants
of health.

This study also showed no statistical difference
between any racial or ethnic groups included, so it is
unlikely that genetic causes played a large role in
increased prevalence. The role of protein C defi-
ciency and other genetic hypercoagulable states was
minimal as no patients carried diagnoses of the
aforementioned thrombophilia conditions.

The Consortium for Spinal Cord Medicine’s 2016
VTE study suggests the use of LMWH as a first-line
anticoagulant with high-dose unfractionated hepa-
rin as an alternative in patients who cannot receive
LMWH.? Chung et al'’ found a VTE rate of 43%
when patients only received mechanical thrombo-
prophylaxis. The findings of this study agree with
these suggestions. LMWH was found to effectively
lower VTE rates and was found to be the most
effective form of chemoprophylaxis in this high-risk
population. The current protocol for SCI patients at
our institution is to initiate prophylaxis with
LMWH 48 hours postoperatively or 48 hours after
presentation if patients are treated nonoperatively.
This is dosed as either 40 mg daily or 30 mg twice a
day depending on physician preference.

A small number of patients were treated with IVC
filters in this dataset. Due to the lack of power,
independent statistical analysis of IVC filter use
compared with LMWH was unable to be per-
formed. Gorman et al*® showed that 20.4% of
patients with SCI treated with IVC filter developed
DVT compared with 5.2% of patients treated
without an IVC filter. Their study specifically
focused on the long-term development of DVT in
patients suffering acute SCI with the use of non-
removable IVC filters. By contrast, Roberts et al*!
determined a lower PE rate with IVC filter use in a
cervical SCI population. However, the dataset was
small, and many patients who may have gone on to
develop VTE were lost to follow-up. The authors of
this study are hesitant to routinely use IVC filters in

patients with SCI unless there are contraindications
to chemoprophylaxis. Patients at our institution are
often lost to follow-up after hospital discharge,
placing them at tremendous risk of complications
from retained IVC filters. As secondary or tertiary
therapy in patients unable to tolerate chemopro-
phylaxis, the use of reversible IVC filters with close
follow-up would likely be beneficial. However,
further studies are required to assess the definitive
use of these devices in acute SCI patients.

Limitations of this study include its retrospective
nature, which inherently leads to missing datapoints
and selection bias. Furthermore, many patients were
transferred to a rehabilitation center after several
weeks in the hospital, well within the 3-month high-
risk time period suggested by the Consortium of
Spinal Cord Medicine. Without prolonged moni-
toring, many of these patients were recorded as
having no VTE development in available records.
Some patients returned from the rehabilitation
facility due to VTE development, but patients who
went to other outside facilities and subsequently
developed a VTE did not have accessible charts. As
a result, the prevalence of VTE in this community is
likely higher than our findings suggest. Further-
more, a known complication of SCI is loss of
sensation in the extremities. Patients who do not
experience pain in the lower extremities are difficult
to assess for DVT unless it progresses into a PE.
Many patients in this study did not undergo
imaging for DVT or did so only following symptom
appearance. These patients were recorded as not
having developed a VTE.

CONCLUSION

VTE remains a common complication of patients
who suffer acute SCI. This study’s inner city urban
population with negative social health determinants
has a much higher rate of VTE following acute SCI
than recent large-scale studies would suggest. The
results of this review indicate that nearly 1 in 5
patients from this demographic go on to develop
VTE following SCI. In patients without contraindi-
cations, LMWH initiated 48 hours postoperatively
or after presentation in patients treated nonoper-
atively appears to be most effective at reducing
VTE. Nevertheless, a high index of suspicion for
VTE after SCI is required for all individuals in the
demographic represented by this cohort, but espe-
cially in individuals with a history of malignancy,
obesity, tobacco or nicotine use, and higher levels of

International Journal of Spine Surgery, Vol. 15, No. 3 568



Lowery et al.

mobility impairment. Standardized venous doppler
screening in patients suffering acute SCI may reduce
morbidity and mortality by identifying early VTE
development before clinical manifestation. Further
prospective studies are required to determine the
efficacy of this approach along with the optimal
timing, dosing, and duration of LMWH prophylax-
is. It is also possible that individuals from our
demographic would benefit from a longer duration
of chemoprophylaxis.
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